Objective: To determine whether chronic occupational exposure to organophosphates (OP) pesticides leads to cognitive impairment using event-related potentials (ERPs). Methods: ERPs of 38 vegetable farmers applying OP pesticides and 35 controls were recorded using an auditory oddball paradigm. The N1, P2, N2 and P300 ERP components and the number of counting errors were compared between the groups. Results: The farmers made significantly more counting errors than controls in the oddball task. The mixed model ANOVA of component latencies revealed a significant component Â group interaction, suggesting farmers had a greater delay in later ERP components. Intergroup comparisons of individual components showed significant delays in N2 and P300 latencies. Subsequent ANCOVA showed significant P300 delay even after adjusting for the latency of the preceding component, N2. Intergroup differences of P300 amplitudes were not significant, although there was limited evidence of a difference in scalp topography. Conclusion: Our findings indicate that chronic low-level occupational exposure to OP pesticides is associated with progressively increasing delay in successive ERP components, particularly P300. Significance: Chronic exposure to OP pesticides may delay the neurophysiological processes underlying early stages of selective attention and late stages of sensory information processing that include stimulus evaluation and updating of working memory.
Introduction
Long-term neurotoxicity of organophosphate (OP) compounds has been investigated over several decades under two broad areas viz. the effects of acute high-dose poisoning and the effects of chronic low-level exposure (Jamal, 1997; Jamal et al., 2002a,b; Kamel and Hoppin, 2004) . The latter is of particular importance as OP compounds have been the principal means of agricultural pest control throughout the world since 1980s (Stephens et al., 1995) . Neurocognitive effects of long-term exposure to OPs have been studied in many occupational groups including farmers (Fiedler et al., 1997; Stallones and Beseler, 2002) , farm-workers (Daniell et al., 1992; Farahat et al., 2003; Catano et al., 2007 ), sheep-dippers (Stephens et al., 1995 Jamal et al., 2002a,b; Tahmaz et al., 2003) and termiticide applicators (Steenland et al., 2000) .
Symptom inquiries, clinical criteria and neuropsychological tests have been used in assessment of possible neurocognitive deficits. These outcomes show inconsistencies among different studies, and some workers have found no change in cognitive functions in exposed groups (Rodnitzky, 1975; Daniell et al., 1992; Ames et al., 1995; Fiedler et al., 1997; Steenland et al., 2000) . In this context, some authors have questioned the objectivity of the testing methods and the sensitivity of the existing objective tools in identifying any subtle cognitive impairment (Steenland et al., 2000; Kamel and Hoppin, 2004 ). However, despite having numerous inconsistencies, studies on chronic lowdose exposure have reported that OP-exposed individuals have poor performance in tests of attention (Stephens et al., 1995; Fiedler et al., 1997; Bazylewicz-Walczak et al., 1999; Srivastava et al., 2000) .
Event-related potentials (ERPs) have been used to study the neurophysiological processes and neuroanatomical correlates underlying different cognitive functions. In this context, successive ERP components generated during a particular cognitive task are interpreted in relation to different stages of information processing operating in the cognitive task (Hillyard and Kutas, 1983) . ERPs appear to be sensitive in detecting long-term cognitive impairment caused by acute OP poisoning. P300 latency prolongation has been reported following acute OP insecticide poisoning (Dassanayake et al., 2008) and after acute exposure to the OP chemical warfare
